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Abstract 
Genetic determinism study presents a great importance due to the fact that all the characters linked to the growth process depend 
upon some specific genes action, gene which with their summative effect establishes the phenotypic manifestation of the mentioned 
characters. To emphasize the genetic determinism of a character it is necessary the estimation of the genetic parameters, the main 
important ones being: causal compounds of variance, heritability, genotypic correlations. Heritability coefficients represent a 
property not only of a character, but of a population and the environment that population lives in. The aim of the researches was the 
study of the genetic determinism of the growth and development process in a large hen line, for two characters: body weight and 
breast muscle at 7 weeks old, separately by gender. The researches were carried out in Avicola Bucharest S.A. on individuals in 
Plymouth Rock 010 maternal line. The studied individuals owed to 40 half-sib families, respective 384 full-sib families, on a total 
number of 2332 males and 2462 females. To establish the causal compounds of variance it was used the statistic model with three 
variation sources, which leads to the genetic parameters establishing. To estimate the values of the phenotypic correlations it started 
from their basic formulas and there were introduced the values of the phenotypic variances and covariance. It was established the 
value of the genotypic correlations using the values of inter familial variance and covariance. It is necessary to know the phenotypic, 
genotypic and environmental correlations between the two studied characters to establish a correct selection base, having in view the 
simultaneous improvement of those. The values of the heritability coefficients for body weight in males (h2=0,18) and in females 
(h2=0,13) shows a stronger genetic determinism comparatively the small lines, so lower values comparatively other authors who 
studied this character. The values of the heritability coefficients for breast muscle was higher in males (h2=0,15) than in females 
(h2=0,04). By the whole, the two characters present very low phenotypic, genotypic and environmental correlations in half-sib families. 
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1. Introduction 
The genetic determinism study presents a great importance due to the fact that all the characters related to the 
growth process depend upon some specific genes action; these genes determine the phenotypic manifestation of the 
characters. The characters which lead to the achieving of the growth process are placed generally in the category of 
the quantitative characters, having as cause the action of some polygenic complexes with specific hereditary 
transmitting. To emphasize the genetic determinism of a character, the estimation of the genetic parameters is 
necessary; the most important ones are: the causal compounds of variance, heritability and the genotypic 
correlations (Neagu, 2009). 
2. Materials and Methods  
The present paper was carried out in Avicola Bucuresti S.A. on individuals in the maternal line Plymouth Rock 
010. The aim of the researches consisted in the study of the growth and development process genetic determinism in 
large hens. The genetic determinism was studied for the two characters: the body weight and breast muscle at 7 
weeks old. The research was made on 40 half-sib families and 384 full brothers and sisters, with a total number of 
4794 descendants, 2332 males and 2462 females.  The average number of full-sib families within half-sib families is 
9,6 descendants. The average size of half-sib families is 12,48 descendants. The analyze of the performances within 
the half-sib families was achieved using the classical statistic parameters, as average and its error, variance, standard 
deviation and the variability coefficient. To establish the causal components of variance and the genetic parameters, 
the statistic model with three sources of variation was used: 
 
Xijk = ȝ + Ai + Bij +Cijk 
 
Where: 
Xijk (i = 1….p; j = 1….n; k = 1….m) = the value of a performance (or the average of the own performances) 
recorded by any individual in the population. 
ȝ = general average population for the analyzed character(s). 
Ai = the variability caused by the first source of variation, in this case the genetic differences between the half-
sib families. 
Bij= the variability caused by the second source of variation, the genetic differences between the full-sib 
families, determined by the male genetic source.  
Cijk = the variability caused by the third source of variation, the genetic differences between descendants, 
including the introduced errors. 
This statistic model is highlighted by the three sources of variance analysis table (Table 1). 
 
Table 1. Table of variance analysis (three sources of variation model) 
Source of Variation Degree of 
freedom 
Sum of squares Average of 
squares 
Variance 
 
 
Interfamilies 
Half - sibs 
 
T - 1 
 
 
SPT = Ȉܥ் െ ܥ்௢௧௔௟   
 
MPT = 
ௌ௉೅
ሺ்ିଵሻ
 
 
்ܵଶ
 = 
ெ௉೅షಾುಾ
௡ƍƍ
 
 
Interfamilies 
Full - sibs 
 
M - T 
 
 
SPM = ȈȈܥெ െ Ȉܥ் 
 
MPM = 
ௌ௉ಾ
ሺெି்ሻ
 
 
ܵெଶ
 = 
ெ௉ಾషಾುು
௡ƍ
 
 
Within families 
Full - sibs 
 
P - M 
 
SPP =  ȈȈȈܺଶ െ ȈȈܥெ  
 
MPP = 
ௌ௉ು
ሺ௉ିெሻ
 
 
ܵ௉ଶ = MPP 
 
Total 
 
P - 1 
 
SPF = ȈȈȈܺଶ െ ܥ்௢௧௔௟ 
 
 
- 
 
ܵிଶ = ்ܵଶ + ܵெଶ + ܵ௉ଶ 
Where: 
T = number of half – sib families. 
M = number of full – sib families. 
360   Iuliana Neagu et al. /  Agriculture and Agricultural Science Procedia  6 ( 2015 )  358 – 362 
P = total number of subjects. 
n” = average size of half – sib families  
n ‘ = average size of full – sib families. 
Upon the data, there were established the observational compounds of variance: 
- Variance between half – sib families S2T 
- Variance between full – sib families S2M 
- Variance within full – sib families S2P. 
The causal compound of variance method was used to estimate the heritability, using the formula (Drăgănescu 
and Grosu, 2003): 
 
݄; ൌ ஺ܸ
ிܸ
ൌ
Ͷ்ܵଶ
ܵிଶ
 
 
Where: 
VA = additive variance 
VF = total phenotypic variance 
S2T = variance between half – sib families 
S2F = variance between full – sib families. 
The simplified method of Robertson was used to estimate the heritability error (Sandu, 1983). 
 
ܵ௛మ
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݊
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Where: 
S = number of half – sib families 
N = average size of the families. 
 
The following methodology was used to establish the values of the three correlation categories (phenotypic, 
genotypic and environmental): 
There were carried out variance analyzes with two sources of variation (between and within half sib families) 
for both considered traits. 
It was made the covariance analyze between half sib families for the considered traits. The results of these 
variance and covariance analyzes were used to obtain the compounds between and within families (table 2). 
 
Table 2. Compounds between and within families 
 
For X trait 
 
For Y trait 
 
For both traits 
S2Ix S2Iy Cov Ixy 
S2ix S2iy Cov ixy 
S2Fx S2Fy Cov Fxy 
 
Where: 
I represents the in between compound 
i represents the within compound. 
It was established the value of the phenotypic correlation starting from the basic formula of correlations, 
introducing the values of the phenotypic variance and covariance. 
ݎ
ிೣ ೤ୀ
௖௢௩ಷೣ೤
ඨௌಷೣ೤ൈೄಷ೤
మ
మ

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It was established the error of the phenotypic correlation using the formula 
 
ܵ௥ி ൌ ඨ
ͳ െ ݎிଶ
ሺܰ െ ʹሻ
 
 
3. Results and discussions  
The method of causal compounds of variance was used to estimate the heritability. So, the body weight values 
were established in half-sib families (Table 3). 
 
Table 3. Heritability values for body weight 
Trait Gender N h2± Sh2 
Body weight at 7 
weeks 
males 2332 0,18±0,056 
females 2462 0,13±0,044 
The values of the heritability coefficient established for the body weight in males (h2=0,18) and in females 
(h2=0,13) reveals the existence of a stronger genetic determinism, comparatively the small hen lines and also a low 
heritability, comparatively the results of other researchers in the special field (Grosu, 2003).The values of 
heritability for the breast muscle are shown in table 4. 
 
Table 4. Heritability values for breast muscle 
Trait Gender N h2± Sh2 
Breast muscle at 
7 weeks 
males 2332 0,15±0,049 
females 2462 0,04±0,023 
 
The heritability coefficient established within half-sib families is 0,04, being considered very low, 
comparatively the results of other researchers in large hen lines, too. It is noticed a higher value of heritability 
coefficient in males (h2=0,15). This fact appeared due to an obvious influence of the environmental factors, mainly 
of the special environment in half-sib families. 
The study of the correlations between the body weight and the breast muscle presents a special interest in 
breeding technique and activity of these traits. It also may be established how one trait breeding makes simultaneous 
changes to the other trait. In tables 5 and 6 there are presented the variance and covariance for body weight (x) and 
breast muscle (y) in males and females. 
 
Table 5. Variance and covariance for body weight (x) and breast muscle (y) in males 
Trait X Trait Y Both traits 
S2Ix = 2353,90 S2Iy= 0,015 CovIxy= 5,484 
S2ix= 34128,87 S2iy= 0,283 Covixy= 62,038 
S2Fx= 36482,77 S2Fy= 0,298 CovFxy= 67,522 
 
Table 6. Variance and covariance for body weight (x) and breast muscle (y) in females 
Trait X Trait Y Both traits 
S2Ix = 434,52 S2Iy= 0,033 CovIxy= 3,473 
S2ix= 10890,98 S2iy= 0,251 Covixy= 25,296 
S2Fx= 11325,50 S2Fy= 0,284 CovFxy= 28,769 
 
Based upon the results regarding the variance and covariance analyze, there were calculated the correlation 
coefficients between the studied traits. 
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Table 7. Phenotypic, genotypic and environmental correlations between body weight and breast muscle in males and females 
Correlation Males Females 
Phenotypic (rFxy) 0,647±0,011 0,510±0,012 
Genotypic (rGxy) 0,923±0,033 0,917±0,172 
Environmental (rMxy) 0,591 0,426 
 
The genotypic correlation is very strict, in males (0,923) and also in females (0,923) between the two studied 
traits, considering they owed to the same polygenic complex, the phenomenon of pleiotropy being very well 
represented at this population level for the two traits.  By the whole, the two traits (body weight and breast muscle at 
7 weeks) present very low phenotypic, genotypic and environmental correlations in the half-sib families. 
4. Conclusions  
The estimated values of the heritability coefficients for body weight in males (h2=0,18) and females (h2=0,13) 
indicates the presence of a stronger genetic determinism, comparatively the small hen lines and a low heritability 
comparatively the results obtained by other researchers who studied this trait (Sandu, 1983). 
The values of the heritability coefficients for the breast muscle were higher in males (h2=0,15) than in females 
(h2=0,04), the last one being considered very low. The results obtained in these researches are lower comparatively 
the ones published by others, also in large lines. This situation demonstrates a more obvious influence of the 
environmental factors, especially the special environment in half-sib sister families. 
The phenotypic correlation recorded very strict values, positive between the body weight and breast muscle in 
males (0,671) and also in females (0,510); the genotypic correlations between the two characters are very strict for 
the two genders, with values over 0,9, so it may conclude that the two characters are determined by the same 
polygenic complex. 
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